The pathophysiology of restless legs syndrome (RLS) may be related to abnormalities in central dopamine pathways. Vitamin D may play a role in the pathophysiology of RLS by modulating the dopaminergic system. The aim of our study is to examine the possible link between RLS and vitamin D deficiency. Methods: The total number of subjects enrolled was 201, including 78 patients with RLS based on the International RLS Study Group (IRLSSG) diagnostic criteria and 123 controls. Serum 25-hydroxy vitamin D levels were measured in both groups. RLS severity was assessed in all cases using the IRLSSG symptom severity rating scale. Results: Fifty-nine patients with RLS (75.6%) and 52 controls (42.3%) had a diagnosis of vitamin D deficiency, P < .001. The odds ratio (OR) of the development of RLS was 4.24 for those with a vitamin D level < 50 nmol/L compared to those with a vitamin D level ≥ 50 nmol/L (P < .001, 95% confidence interval [CI] 2.3-7.9). After adjusting for all other significant factors in the multivariate logistic model, vitamin D was significantly associated with RLS (OR 3.1, P < .002, 95% CI 1.51-6.38). Moreover, a dark or black skin color (OR 3.4, P < .001, 95% CI 1.5-6.3) and working as a teacher (OR 8.8, P < .001, 95% CI 3.4-23.5) were also independently significantly associated with RLS. Conclusions: Our study identified an association between vitamin D deficiency and RLS. Consequently, vitamin D deficiency should be considered in the management of RLS. However, further studies are needed to evaluate the causality relationship between vitamin D level and RLS. A, Alama M, Hamed M. The association between vitamin D level and restless legs syndrome: a population-based case-control study.
experience negative effects of the condition with regard to their work, daily living activities, personal relationships, and travel. These patients also report symptoms of depression (17% to 27%) and anxiety (8% to 23%). 5, 6 RLS is classified according to its etiology as primary/idiopathic and secondary, although both types share the same clinical presentation. Most cases are primary in origin, and approximately 50% of patients with primary RLS have a family history of the condition. 7, 8 Secondary RLS is observed in combination with other conditions, such as iron deficiency anemia, renal failure, diabetes, thyroid disease, pregnancy, and neurological movement disorders or as a side effect of certain medications. [9] [10] [11] [12] [13] Although the pathophysiology of RLS is not completely understood, genetic factors, iron deficiency, and dopaminergic system abnormalities have been proposed as possible mechanisms. 14 Most evidence to date suggests that brain BRIEF SUMMARY Current Knowledge/Study Rationale: Most evidence to date suggests that brain dopaminergic dysfunction plays a key role in the development of restless legs syndrome (RLS), and vitamin D is essential for the function of the dopaminergic system. Nonetheless, few studies have examined the relationship between vitamin D and RLS. The current study is the first population-based case-control study to assess the association between RLS and vitamin D levels using an adequate sample size of patients with RLS. Study Impact: The data show an inverse association between vitamin D levels and RLS. Therefore, vitamin D deficiency should be considered in the management of patients with RLS. dopaminergic dysfunction plays a key role in the development of RLS. Dopamine, a neurotransmitter involved in sensory and motor control as well as behavioral modifications, is needed to produce smooth and purposeful muscle activities in the basal ganglia circuits of the brain. Dopaminergic pathway dysfunction frequently results in abnormal involuntary movements, which may explain the mechanism responsible for RLS development. 15, 16 Furthermore, vitamin D is essential for protecting dopaminergic neurons from toxins and increases the levels of dopamine or its metabolites in the nigrostriatal dopaminergic pathway. 17, 18 Nevertheless, the role of vitamin D in RLS has not been well studied. Few studies have examined the relationship between vitamin D and RLS, and those that have largely consist of cross-sectional studies or case series involving relatively small samples. [19] [20] [21] [22] Therefore, larger and more representative studies are needed to examine the link between RLS and vitamin D levels. To the best of our knowledge, this study is the first population-based case-control study with an adequate sample of RLS cases conducted to examine the relationship between vitamin D levels and RLS and to evaluate the clinical implications of RLS treatments.
M ETHO DS
This case-control study was conducted at Sleep Medicine and Research Center, King Abdul-Aziz University Hospital, Jeddah, Saudi Arabia, between March and November of 2016. The study followed a first-stage cross-sectional survey on the prevalence of obstructive sleep apnea among 2,682 middleaged individuals in the western region of Saudi Arabia. 23 The cross-sectional survey was conducted from February 2013 to June 2015 in Jeddah, Saudi Arabia, and included teachers, administrative staff, porters, and servants who were employed at government schools. Based on IRLSSG diagnostic criteria, RLS was found in 224 participants (8.4%). 2, 23 The RLS cases and controls were consecutively selected from survey study population.
This study conformed to the ethical standards of the Declaration of Helsinki. Ethical approval was obtained from the Research Ethics Committee of King Abdul Aziz University Hospital. An invitation letter with information sheet was provided to the participants, and written consent was obtained from all participants.
Case Selection Using IRLSSG Diagnostic Criteria
In this study, RLS was defined as an urge to move the legs that is usually associated with uncomfortable sensations in the legs, worsening of these symptoms during rest, at least temporary relief provided by activity, and worsening of symptoms in the evening. 2 Conditions that may mimic the symptoms of RLS were clinically excluded to increase the diagnostic specificity of the aforementioned four criteria, as per the latest update of the IRLSSG consensus criteria. 3 Cases were selected from the 224 participants considered to have RLS in the initial screening performed at the field survey stage. 23 Eligibility was then determined by using the updated diagnostic criteria of RLS, which confirmed the diagnosis of 142 cases. 3 Of those, only 82 subjects were recruited; 38 were unable to be contacted, and 22 refused to participate due to reasons related to moving out of town or social obligations. Four of the recruited cases did not complete their blood tests and hence were excluded. Ultimately, 78 cases were included in the RLS group.
Control Selection
The controls were randomly selected from the remaining 2,458 participants without RLS from the survey population. 23 Of these, 260 were frequently matched to the cases on the basis of a 2:1 ratio for sex and age variables. Because 93 were unable to be contacted and 38 refused to participate due to moving out of town or social obligations, only 129 controls were included. None of the selected controls had RLS according to the IRLSSG criteria. A frequency-matching approach was chosen to provide more flexibility and efficiency. A descriptive flowchart of the study population is presented in Figure 1 .
Data Collection
Trained physicians interviewed the participants in both groups at the sleep center. A study-specific questionnaire was completed during the interview. The questionnaire collected information regarding relevant sociodemographic variables (age, sex, skin color, marital status, education, occupation, income, family history, history of consanguinity, cigarette and hookah smoking), past medical history (eg, vitamin D deficiency, iron deficiency, varicose veins, diabetes, hypertension, renal disease, thyroid diseases, multiple sclerosis, parkinsonism, epilepsy, schizophrenia, depression, bipolar disorder, habitual foot tapping), medication history (eg, antidopaminergic agents, antipsychotic agents, tricyclic or selective serotonin reuptake inhibitors, antidepressants, beta blockers), RLS symptoms based on diagnostic criteria defined by the IRLSSG, and RLS severity using the IRLSSG rating scale for those with RLS. 24, 25 Furthermore, all subjects underwent physical examination including weight and height measurements to the nearest 0.1 cm, and 0.1 kg, body mass index (BMI) calculation and a detailed complete neurological, vascular, musculoskeletal, and rheumatologic examination of the lower limbs.
IRLSSG Rating Scale
All patients with RLS completed the 10-item IRLSSG rating scale, which was validated and shown to be reliable for the assessment of RLS severity. The scale consists of five questions regarding the intensity and frequency of RLS symptoms and five questions focused on how those symptoms affect daily life and sleep. Each item was graded on a scale of 0 to 4. Disease severity was classified using the following scale: mild, 0-10 points; moderate, 11-20 points; severe, 21-30 points; and very severe, 31-40 points. 24, 25 
Biochemical Measurements
Blood samples were collected from all study participants after the interview and analyzed in the same laboratory; the technicians were blinded to the participants' status in the study. The same procedure was used to collect blood samples from the cases and controls. The blood tests involved analyses of the following parameters: serum hemoglobin (Hgb) level, serum 25-hydroxy vitamin D level, serum iron profile, renal function test, and serum calcium, phosphate, magnesium, vitamin B 12 , hemoglobin A1c (HgbA1c), and thyroid-stimulating hormone levels.
Serum 25-hydroxy Vitamin D
Vitamin D status is traditionally measured through assays of serum 25-hydroxy vitamin D-25(OH) D-the major circulating form. However, the serum 25(OH) D level that defines vitamin D adequacy, insufficiency, or deficiency or how much of this vitamin is required to sustain its adequate physiological functions and bone health remain debatable. The Institute of Medicine has suggested that approximately 97.5% of the population across all age groups meet the requirements for vitamin D with a serum 25(OH) D value higher than 50 nmol/L. 26, 27 In our study, serum 25(OH) D levels were measured as a continuous variable and classified for analysis into two categories: < 50 nmol/L (< 20 ng/mL) for deficiency and ≥ 50 nmol/L (≥ 20 ng/ mL) for sufficiency. These values are based on the Institute of Medicine cutoff point and the recommendation of the Standing Committee of Europe Doctors (www.cpme.eu).
Data Analysis
Data were analyzed using Stata Version 13.0. (StataCorp LLC, College Station, Texas, United States). The significance level α at .05 and the 95% confidence interval (CI) were calculated for estimated scores. The sample size was calculated at α = .05 and a power of .80 utilizing the Kelsey and Fleiss formula. 28, 29 The total estimated sample size was 144, divided evenly between the two groups. Data were analyzed using Pearson correlations, independent two-sample t tests, analyses of variance, and chi-square tests. Stepwise univariate and multivariate logistic regression analysis models were utilized.
R ESU LT S
A total of 201 participants were enrolled in the final analysis, including 78 patients with RLS and 123 healthy controls (Figure 1) .
No significant differences in sex, mean age, BMI, smoking habits, or history of consanguinity were observed between the two groups. In contrast, skin color differed significantly between the two groups, as more patients with RLS (53, 68.0%) than controls (41, 33.3%) had dark and black skin (χ 2 = 22.9733, P < .001). Consecutively, education and monthly income of the participants varied significantly between the cases and controls. Additionally, there were significantly more teachers in the RLS group compared to the control group, 92.3% versus 57.7% respectively (P < .001), and vitamin D deficiency was significantly more prevalent in the RLS teachers (54, 75%) compared to the control teachers (34, 48%) (odds ratio [OR] 3.3, P < .001, 95% CI 1.5-7.1). Further analysis of the subgroup of RLS teachers revealed no difference between them and the controls with regard to their smoking status (P = .304), BMI (P = .592), iron level (P = .16), and thyroid hormone level (P = .156). Table 1 lists the basic demographics and clinical characteristics of the participants.
Vitamin D deficiency was found in a higher percentage in cases compared to controls: 59 (75.6%) RLS cases compared to 52 (42.3%) controls (P < .001). The risk for the development of RLS in vitamin D deficient cases, ie, < 50 nmol/L (< 20 ng/ml), was higher than for vitamin D sufficient cases, ie, ≥ 50 nmol/L (≥ 20 ng/mL) (OR 4.24, P < .001, 95% CI 2.3-7.9). In addition, significantly more patients than controls had a diagnosis of iron deficiency anemia (39, 50.0% versus 43, 35.1%, P = .034). Iron deficiency defined as serum ferritin level < 50 ng/mL was marginally significant (P = .077). The clinical characteristics of the study participants are presented in Table 2 .
Furthermore, mean serum 25-hydroxy vitamin D levels were significantly lower in patients with RLS (31.57 ± 17.58 nmol/L or 12.65 ng/mL) compared to controls (65.18 ± 24.64 nmol/L or 26.12 ng/mL) (t = 10.47, P < .001, 95% CI 27.3-39.9).
The biochemical characteristics of the study participants are shown in Table 3 .
According to univariate logistic regression analysis, vitamin D deficiency, skin color, education, occupation, monthly income, and marital status were significantly associated with RLS. In multivariate logistic regression analysis, only vitamin D deficiency, a dark or black skin color, and working as a teacher remained significantly associated with RLS. The multivariate logistic regression data are presented in Table 4 .
Among the 78 RLS cases, 50 (64%) were primary and 28 (36%) were secondary. Of the 50 primary RLS cases, 37 (74%) had vitamin D deficiency, whereas only 6 of the 28 secondary RLS cases (21%) had vitamin D deficiency. This difference was statistically significant (OR 10.4, P < .001, 95% CI 1.1-37.5).
The mean severity score utilizing the IRLSSG symptom severity rating scale for all RLS cases was 16.6 ± 5.8, which was higher for the RLS vitamin D deficient cases (19.4 ± 5.9) compared to the RLS vitamin D sufficient cases (14.5 ± 4.7) (P < .002). Moreover, when comparing the mean vitamin D level at each severity score category, we found that a lower mean vitamin D level was associated with a higher severity score category, though this finding did not reach statistical significance (P = .6624). 
DISCUSSI ON
The risk for the development of RLS was significantly higher in vitamin D deficient cases compared to those who are vitamin D sufficient. Additionally, the mean serum 25(OH) vitamin D level was significantly lower in patients with RLS than in normal controls. The association between vitamin D deficiency and RLS remained significant after adjusting for all other significant factors in the multivariate regression model. Our data also revealed an association between increased IRLSSG Values presented as mean ± standard deviation. Statistical significance defined as P < .05. RLS = restless legs syndrome. severity rating score and decreased serum vitamin D level. These two findings suggest a link between serum vitamin D levels and RLS.
There is accumulating evidence that the dopaminergic system plays an important role in the pathophysiology of RLS. [14] [15] [16] Moreover, vitamin D appears to have a key function in the dopaminergic system; indeed, this vitamin participates in regulating nervous system development and function. 30 Dopamine neurons in the midbrain and their target neurons in the striatum were shown to express vitamin D3 receptor proteins, and Cui et al. confirmed that the vitamin D receptor is present in the nucleus of tyrosine hydroxylase-positive neurons in both the human and rat substantia nigra. 18 Furthermore, Oran et al. observed a dose-responsive increase in the number of rat primary dopaminergic neurons when 1,25-(OH)2 D3 was added to culture media, 20 and these authors concluded that 1,25-(OH)2 D3 may increase the abundance of dopaminergic neurons by upregulating expression of glial-derived neurotrophic factor. In addition, it has been reported that vitamin D affects the nigrostriatal dopaminergic pathway by increasing the levels of dopamine or its metabolites and by protecting dopaminergic neurons against toxins. 31, 32 Low doses of 1 alpha, 25-dihydroxyvitamin D3-1, 25-(OH) 2D3-(the hormonally active form of vitamin D) are able to protect mesencephalic dopaminergic neurons against toxins that cause a decrease in the glutathione content, which when decreased may lead to selective dopaminergic neuron death. 33, 34 A recent publication also concluded that vitamin D deficiency may lead to an increased risk of central nervous system disease, such as parkinsonism, schizophrenia, and multiple sclerosis. 35 Moreover, an experimental study on rats by Trinko et al. revealed an association between vitamin D deficiency and regulation of the dopamine circuit; animals with vitamin D deficiency had dopaminergic pathway abnormalities, which increased their predisposition toward neuromuscular disorders. 36 Considering these dopaminergic effects of vitamin D, our findings support the hypothesis that decreased vitamin D levels may lead to RLS symptoms.
Our results were also in agreement with several recent studies examining the role of vitamin D in the etiology of RLS. Balaban et al. 22 conducted a hospital-based study and evaluated 25(OH) vitamin D levels in female patients with and without RLS, reporting significantly lower serum levels in the former. However, the study was limited to patients with idiopathic and nonfamilial RLS. 22 The cross-sectional study conducted by Oran et al. examined the prevalence of RLS in subjects with and without vitamin D deficiency; an increased prevalence of RLS was observed in the vitamin D deficiency group, suggesting an association between serum vitamin D level and RLS. 20 Unfortunately, the authors of that study included a convenience sample of patients based on their eligibility criteria, without a calculated sample size. 20 Another cross-sectional study, that by Çakır et al. evaluated the association between the frequency and severity of RLS, sleep quality and vitamin D level, 21 reporting that RLS prevalence and Pittsburgh Sleep Quality Index scores were higher in vitamin D deficient than in vitamin D sufficient subjects. These data further support an association between vitamin D level, sleep disturbances, and RLS. Furthermore, a recently conducted pilot study of 12 patients revealed an improvement in the severity of RLS symptoms upon administration of vitamin D supplements. 37 In our study, the prevalence of dark and black skin color was significantly higher in patients with RLS than in controls, and this persisted as a risk factor for RLS in the multivariate regression model. However, this finding does not explain the strong association between vitamin D deficiency and RLS, which remained highly significant after adjusting for skin color in multivariate regression analysis. Melanin has been proposed to function as a sun-block in dark-skinned individuals, thereby placing them at a higher risk for vitamin D deficiency. However, a study of Africans from equatorial countries revealed normal vitamin D levels among these individuals. The authors concluded that lower vitamin D levels in dark-skinned individuals residing in northern and high-elevation regions might not be related to their skin pigmentation but instead may be due to other health determinants, such as genetics, diet, and sun exposure. 38 Furthermore, in the study by Alsuwadia et al., the principal causes of low vitamin D levels among the Saudi community were most likely intentional sun and heat avoidance, insufficient dietary intake, and wearing of traditional clothes. 39 Teaching as an occupation was also significantly related to RLS. Based on our results, 92% of the RLS cases were teachers compared to 58% of the controls (P < .001). Furthermore, this occupation persisted as a risk factor for RLS in multivariate regression analysis. Vitamin D deficiency was significantly more frequent among teachers with RLS than control teachers. Considering that there was no difference between the two groups in terms of other known RLS-associated factors (iron level, thyroid hormone level, smoking status, and BMI), this may further support the possible relationship between RLS and vitamin D. This finding also may be associated with the amount of physical activity related to this occupation, as it typically involves a great amount of standing and walking. This finding concurs with previous epidemiological studies reporting a significant link between physical exercise and RLS. 40 In addition, according to one clinical trial, the exercise group exhibited significant improvement in RLS symptoms compared with the control group. 41 Although an interesting observation, due to the nature of the case-control study design being unable to ascertain temporal causality, it remains unclear whether being a teacher increases the risk of RLS or whether more RLS patients become teachers.
A significant association between RLS and BMI was not detected in our study. This finding is consistent with some previous epidemiological studies of RLS. 42, 43 Nevertheless, several epidemiological surveys have revealed a role for obesity as an independent risk factor for RLS. [44] [45] [46] Additionally, our results did not show a significant link between smoking and RLS, which may be related to the sampled population of school employees who did not smoke due to poor social acceptance in their field. Finally, consanguinity, which is defined as marriage between first-degree cousins, was not associated with RLS in our study. Although this practice is common in certain Saudi families, this finding may be related to the enrollment of an urban population in the city of Jeddah, where the practice may not be as common as in rural regions of the kingdom.
In our study, RLS was categorized into one category, despite the fact that 50 of the 78 cases (64%) had primary RLS and 28 had secondary RLS (36%). This is based on the recently proposed hypothesis that primary and secondary RLS might be a continuous spectrum of one disease that is the consequence of genetic and environmental or comorbid disease interactions and that the classification of primary and secondary forms is likely misleading. 47 A major concern regarding our data is the dramatic differences between the RLS and non-RLS groups regarding socioeconomic level, skin color, professional status, educational level, and marital status, all of which may in fact be related to other factors that are truly predictive of RLS status (e.g., genetics, ethnicity). However, based on the aforementioned hypothesis, these environmental factors may actually trigger the manifestation of RLS symptoms by interacting with genetic makeup in these cases.
In conclusion, the current study is the first population-based case-control study to examine the association between RLS and vitamin D level using an adequate sample size of patients with RLS. The data showed an inverse association between vitamin D level and RLS. Therefore, vitamin D deficiency and insufficiency should be considered in the management of patients with RLS. Well-designed randomized clinical trials or cohort studies are the next logical steps to evaluate the causal relationship between vitamin D level and RLS.
